The interaction between gravitons and fermions is investigated in the teleparallel gravity. The scattering of fermions and gravitons in the weak field approximation is analyzed. The transition amplitudes of M∅ller, Compton and new gravitational scattering are calculated.
I. INTRODUCTION
In Einstein theory, the gravitational field which uses Christoffel symbols cannot couple to any fermion field. However approximations to the exact theory, like gravitoelectromagnetism (GEM) and others, have accomplished coupling to fermions and/or bosons in a cartesian quantum field theory. In such theories scattering processes between fermions and bosons have been calculated both at zero and finite temperatures [1, 2] . Teleparallel gravity is an alternative theory of gravitation in which the tetrad field is the dynamical variable.
It is equivalent to general relativity, however it is constructed in terms of torsion instead of the curvature. In the framework of teleparallel gravity the coupling between fermions and gravity is accomplished by the contorsion tensor [3] . Then it is possible to study the scattering amplitude between gravitons and fermions.
Teleparallel gravity was first introduced by Einstein in an attempt to construct a unified field theory [4] . The equivalence between two theories is achieved by identities involving the curvature scalar. There is a dynamical equivalence except for some aspects in particular a definition of the gravitational energy. The main advantage of teleparallel gravity is the fact that the gravitational energy and angular momentum are well defined. It has been applied over the years to explain the acceleration of the universe [5] and the general definition of entropy [? ] as well as the role of the gravitational energy-momentum tensor [3] in general.
In particle physics the lagrangian that defines the dynamics is in cartesian coordinates.
The interaction between particles is written such that dynamical processes are displayed in terms of Feynman graphs that shows propagators and interactions among particles. For instance the interaction between the Dirac field and the electromagnetic field leads to Feynman graphs for calculating scattering processes such as M∅ller, Compton and others scattering processes [6] .
Although the field equations of general relativity and teleparallel gravity are equivalent.
For the linearized version, the graviton propagator definition is different. In general relativity the graviton propagator is defined using the scalar curvature. In teleparallel gravity the graviton propagator is obtained by writing the lagrangian density in the weak field approximation. In this article the scattering between fermions and gravitons is calculated using teleparallel gravity with weak field approximation. The process is calculated using the lagrangian density of teleparallel gravity which is invariant under global Lorentz transfor-mation. The general relativity is invariant under local and global Lorentz transformation.
In section II, some details of the teleparallel gravity are recalled. In section III, the scattering amplitude among gravitons and fermions: M∅ller, Compton and new gravitational scattering are given. Finally in the last section some concluding remarks are presented.
Notation:
The quantities with Latin indices, a = (0), (i), transform under SO (3, 1) symmetry, while the ones with Greek indices, µ = 0, i, follow diffeomorphisms. We use = c = G = 1.
II. TELEPARALLEL EQUIVALENT TO GENERAL RELATIVITY (TEGR)
In general relativity the Christoffel symbols 0 Γ µλν and the metric tensor play central roles.
It is possible to describe general relativity in terms of the tetrad field e a ν which is adapted to some observer. Such a relation is settled once e (0) ν is associated to the 4-velocity of the observer. Thus given a metric tensor there are an infinite number of tetrads, g µν = e a µ e aν , each one describing a reference frame [3] .
It is well known that Riemannian geometry is described by curvature and a vanishing torsion. On the other hand it is equivalent to a geometry, the Weitzenböck space-time, described by torsion and a vanishing curvature. In order to describe such a relationship a manifold endowed with the connection Γ µλν , known as the Cartan connection, which is explicitly given by Γ µλν = e aµ ∂ λ e a ν is considered. It defines a torsion as
The Cartan connection satisfies the following identity
where
is the contortion tensor. Thus it is possible to write the curvature scalar R( 0 Γ) in terms of the torsion tensor
where e is the determinant of the tetrad field, T a = T b ba and T abc = e b µ e c ν T aµν . Then a gravitational theory equivalent to the general relativity is established using the following lagrangian density
where k = 1/16π and L M stands for the lagrangian density of the matter field. Here L M represents the lagrangian density of the Dirac field.
It is convenient to rewrite the lagrangian density as
Performing a variation with respect to the tetrad field yields the field equation
where δL M /δe aµ = eT aµ . This field equation is equivalent to the Einstein equation. Then we express the field equation as
The quantity, t λµ , is the gravitational energy-momentum tensor [7, 8] . Using t λµ , it is possible to construct a proper definition of an energy-momentum vector, by integrating over a 3-dimensional hypersurface, which is independent of coordinate transformations and dependent only on the reference frame.
III. GRAVITON AND FERMION SCATTERING
Here the graviton propagator for the teleparallel gravity in the weak field approximation is calculated. Then the vertex and transition amplitude for the interaction among gravitons and fermions are obtained.
The free lagrangian for the teleparallel gravity is given as
where T abc = e b µ e c ν T aµν and T aµν = ∂ µ e aν − ∂ ν e aµ . Then we have
where eq. (7) is used. The lagrangian i as
and
Then the total lagrangian is 
Using the relations
the lagrangian becomes
In the weak field approximation
we get
The graviton propagator, ∆ bdλγ , is obtained using the equation
This propagator is represented in FIG. 1 . It is clear that a more complicated form is due to the fact that the divergence part is dropped to obtain the lagrangian density of the teleparallel gravity.
B. Graviton-Fermion vertex
The lagrangian for the Dirac field is given as
FIG. 1. Graviton Propagator
where the covariant derivative is
with K µab being the contortion tensor,
and m is the mass. The interaction lagrangian becomes
Using
the lagrangian is written as
is the vertex of the interaction between two gravitons and two fermions as represented in
FIG. 2. Graviton-Fermion Vertex
In order to write the interaction vertex between two fermions and one graviton we use the approximation
where δ aν is the Kronecker delta and φ aν is a weak tetrad field. Thus
Using Σ λ λ = 0 since [γ σ , γ σ ] = 0, we get
where V bσ is the vertex given as
This vertex is represented in FIG.3 .
FIG. 3. Graviton-Fermion Vertex
To calculate processes involving fermions and gravitons the fermion propagator is necessary. It is given as
and represented in FIG. 4 .
FIG. 4. Fermion Propagator

C. Transition amplitude
The transition amplitude, −iM, is calculated for processes involving gravitons and fermions.
M∅ller scattering
The gravitational M∅ller scattering is given in FIG. 5 .
FIG. 5. M∅ller scattering
The transition amplitude for this process is
where V bσ is the vertex and ∆ bdσγ is the graviton propagator. Therefore the transition amplitude for this scattering is
Compton scattering
The gravitational Compton scattering is given in FIG. 6 .
FIG. 6. Compton scattering
New gravitational scattering
In the framework of teleparallelism, another scattering process arises, as given in FIG. 7.
For this process we have
which yields
This expression is used to calculate the scattering cross section between fermion and graviton.
The scattering matrix is S = 1−iT , where T → M. The cross section for M∅ller, Compton and new gravitational scattering is easily calculated. It's interesting to note that in GEM theory the vertex shows a graviton and two fermions. Here there is a pre-existing graviton which modifies the momenta of the fermions whose encounter yields another graviton.
IV. CONCLUSION
The scattering amplitude between fermions and gravitons is calculated using weak field 
